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TO-INTERFERENCE+NOISE RATIO 

BACKGROUND OF THE INVENTION 

V t . m re , ates t0 wirele ss com—ion, and more particular*, a 

The present invention relates to w 
^oaofes—as^naMo-interference .noisemt-o. 

iDescripdimj^ is m important metric of 

Sign a,-to Werence + Noise R*» C ^ fcr „ 

commnnication in* q naii«y. S!NR -rs. Some appiications 

* .stems wbere resources are ^ me «*- — «" 

of SINR estimates are: a, Power Controi CDM Y „ /dect ease its 

SINR , compares i, to a tar g et - c— - - lon btt-rate assisted to a user 
transmitted power; and b) Rate wi the system ,oad. Wniie such 

can be dynamical* varied based on ,,s m^u J, ^ ^ ^ ^ 

20 and resource utilization. 

S^MMAKVOETHEINVENTrON 

to the medtod accordin, tbe present — ^ . 
verted into rpaasi-pdo, symboi sampi Th ^o ^ ^ ^ 

25 .pendenee on tbe poiari, «« - ^ ^ — „ ^ . SINR 
known SINR estimator is applied to 4 
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estimate. 



1 



3 estimator and the sm 

DESCRIPTION OF THE 

. , sinr estimation «1H» te tth time slot 

con vent,onal SINK symbo i (plot or M 

25 corresponding to to J* ^ (1] 
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symbols could be + 1 or -1 (m BPSK) wh ^ 
SINR in the kth time slot is defined as: (2) 

CDMA systems or frames in TDMA sys meaJ1 of the 

r orwp ;« computed as the ratio of the square oi 

> - - » tr.-i- 
— — — 

variance. .. . svm bols, define the 

i, «. tV,P (y t l values correspond to pilot s>ymu , 
For the case where the 
2 0 samp.emeanandunHasedsamplevar.aneeforu.eMhtime.otas ^ 



Then e -W* is one possible SMV estimator (common, used,. The Maximum 
. , f the SINR is also an SMV estimator where a biased sample 
U.e.ihood (ML) estmra o ro ^ ^ ^ „ ^ than N ,, The si g nal 

25 variance estimate is used in the ratio ^nor 

power ^,variesdue,ochanne lf adin g .However, m eno,sevanance, 0 chants * 

I, 1 time, W icahy wrth the addit.cn (departure, of a ca„ ; therefore, one car. 
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improve the overal, quality of «he SINR estimate by using a longer-term moving average 
e"L of the samp.e variance. This ma.es the "effective" number of samples used 
Hp.e variance estimate larger and therefore more accurate. One sufpie me*od * 
Imp sh th,s is through exponent smoothing of a se, of sampie vanance estrmat 
accompiiMi PWMA^I The smoothed sample 

5 (called Exponentially Weighted Movmg Average or EWMA). 

variance estimate through the «h time slot would be given by: ^ 

whe re r is the smoothing fair deterlil according to desired design parameters 
10 andO<, S1 .TheSrNRes.i m a.ea t .heendofHimeslotsthe„becomes: ^ 



a ■ „^ nf SMV estimators based on using a single group of 
The accuracy (mean and variance) ot bMV esnmaiu 
15 11 Sample points is .nown i» the art. The accuracy of SMV estrma ors *a 
15 P H EWMA for sampie vanance estimation is described in *e — , f ,ed 
Ipplication no. UNKNOWN entMed METHOD OF ESTIMATING A SIGNAL-TO 
TNTFRFERENCE+NOISE RATIO (SINR). 

"ally, there are a io, more data symbols than pi.ot symbols and one cotud 
—Reduce the mean-s q uared error in the SINR estimate by using data symbo s 
£TJ U symboi, The difficulty w lt h extending the es,,mator form from the p,,o, 
at estilor is that the data symbo, polarity is not to.own. A commonly us SMV 
dor, Cled the non-coherent esnmator, ^ » overcome *. probiem* 
repiacing the sequence by the sequence of its absohue values ,e. <Z,- M ; Th 
s imate for the »me s,o, is ,he ratio of the sampie mean and sampie vanar, 
Z science «,,. Smoothing of the s^ple variance of the W ^ 
EWMA approach may also be used to improve accuracy. Tins approach wo*s M 
lie SINR being esumated is qurie iarge. Eor small to modera.e SINR values, .he 
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estimates have a large mean squared error because the absolute value transformation 
causes a large bias in the estimates. 

The approach described in this invention, henceforth called the decision-feedback 
estimation method, mitigates the need for the abso.ute value transformation by 
converting the data symbols into quasi-pilot symbols. The quasr-pilo, symbols are 
essentially independent of the (unknown) data symbol potatoes. 

Figure 2 illustrates a block diagram of a decision-feedback SINR esttmator 
according to an embodiment of the present invention. As shown, a demodulator and 
estimator 6 receives a signal transmitted by a emitter 2 over a channel 4 (e.g., . 
wireless transmission over the air). The demodulator and estimator 6 demodulates and 
stores a set of received samples Y t , The demodulator and estimator 6 stores the recerved 
samples r v until the estimator portion makes a tentative estimate *„ on the polanty (or 

bit value) a* of the received sample. 

As shown in Fig. 2, an SINR estimator 12 estimates the SINR usmg the output of 
the multiplier 8. The S!NR estimator ,2 can employ any well-known SINR ***** 
tot generates an SINR estimate based on pilot symbols, wherein the pilot symbols m the 
SINR estimator expressions are replaced with the output of the multiplier 8 For 
example, the SINR estimator 12 cou.d employ the SINR estimator of equahon (6). In a 
preferred embodiment, the SINR estimator 12 employs an SINR estimator as desenbed 
Lncurrentiy filed application no. UNKNOWN entitled METHOD OF EST.MATING 
A SIGNAL-TO-INTERFERENCE+NOISE RATIO (SINR) by inventors of the subject 

application. 

The input to the SINR estimator .2 (i.e., the output of the multipher 8) m F.gure 

25 2 is the sequence {D k j}, where 
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Since the Gaussian distribution with zero mean is invariant to multipiication by + 1 or -> , 
th e distribution and statistics of the noise sequence {V „} are identical to that of . 
Therefore, one can equivalently rewrite 

D ki =a k/ a kJ ^ k +£ kr 

Wheneverthe decisions are correct, 5, =«, and (since fl^lor - 1 ) the result is 
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D kJ =fi k +£ v - 

Thus, when the decisions are correct, the sequence of Dkj vaiues ,s equivalent to a 
sequence of Y, values with ah a „ = . (as would be the case wth p,ot symbols). 
Therefore, one can obtain an SMV est.mator of S1NR based on the sample mean an 
samp le variance of * vaiues such as equation (6, or as descnhed in -—filed 
appLon no. UNKNOWN entitled METHOD OF ESTIMATING A S1GNAL-TO- 
TtERPERENCE.NOISE RATIO (SINK) by inventors of the sub.ee, apphcatto. 
Similarly, whenever incorrect decisions are made we have 
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Therefore, if the fraction of incorrect decisions is large, an SMV esnmator of the SINR 
based on Dig values would tend to be quite inaccurate because the sample mean of the Dkj 
25 values would not be estimating * . However, for typical operating STNR values, many 
m „re correct decisions are made as compared to incorrect ones (better than 90* 
Really) and the performance of SMV estimators is very good. In the ^best caserne 
* the decisions are correct, the performance of the SMV est.mator based on the D kJ 
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va ,ues wm be identical t o a piiot-sample based SMV estimator tha, has the same sample 

SiZC ' An illustration of the improved accuracy of the decision-feedback method 
according to the present invention is shown in Fi g ure 3. T* figure compares *e 
5 smoothed non-coheren, SINR estimator with me smoothed dec.s.on-feed ack INK 
estimator. In the figure SV-Z stands for smoothed non-coherent SINR esfmator and SV- 
F stands for smoothed decision-feedback SINR estimator. 

The invention being thus descnbed, it wi„ be obvious tha, the same may be 
varied in many ways. Such variattons are no, to he regarded as a departure from the 
10 spirit and scope of the invention, and aU such modifications as would be obvtous to one 
silledintheartareintendedtobeinciudcdwithinthescopeofmefoilowingclatms. 
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